also lacking and that this may be an effective aspect to target in order to improve plant establishment 23 and success. Microbial inoculants have already been added to green roofs, but with little scientific 24 research informing their application. In this field experiment we aimed to determine if the addition of 25 these foundation species in green roof soil food webs, including mycorrhizas, Trichoderma spp. and 26 soil bacteria, could improve the abundance and biodiversity of higher trophic species, such as 27 microarthropods, and if this had resultant effects on plant growth on a mature green roof. 28
It was found that some microbial inoculants were more successful at remediating soil food webs than 29 others, with Trichoderma in particular producing higher populations of some microarthropod groups. 30
However, these changes in microarthropod community dynamics did not have a resultant positive effect 31
Introduction 37
Green, or 'living', roofs (vegetated roofs) are of increasing interest to architects, city planners and 38 civil engineers across the globe due to the multitude of benefits they can contribute to a building's 39 comprise of a shallow substrate (no more than 10cm) consisting of crushed brick, planted with hardy 42 plants of the genus Sedum (Grant, 2006) . Despite their continuing prevalence, many extensive green 43 roofs fail to establish at a satisfactory rate or, in some cases, fail to establish completely and require 44 costly remediation (McIntyre and Snodgrass, 2010) . In addition to this economic problem, poor plant 45 establishment could also result in green roofs that are not maximised in terms of their ecosystem 46
To our knowledge, analysis of higher trophic groups within the soil after the addition of microbial 117 inocula has never been conducted to test this theory. 118
Commercial inocula typically consist of three major groups of soil organism: mycorrhizal fungi, 119 bacteria (particularly Bacillus spp.) and Trichoderma, again as a mix of species within the genus 120 (Trabelsi and Mhamdi, 2013) . In addition, commercial inoculants typically contain mixes of species, 121 in order to increase the probability that a species specific relationship can develop (Koomen et al., 1987; 122 Gadhave et al., 2016). There is evidence to suggest that in some cases, however, an antagonistic 123 relationship may develop between inocula species (Molineux, 2010) , negating their desired effect. Here 124 we describe a study in which three commercial inocula mixes, encompassing mycorrhizas, bacteria and 125
Trichoderma were added to a mature green roof to determine if commercial inocula applied singly, or 126 in combinations, affects the soil microarthropod community, and if this has resultant (or independent) 127 effects on plant growth. We hypothesised that the addition of microbial inoculants to a green roof will 128 alter the abundance and community structure of microarthropods and that this would have a resultant 129 effect on plant growth. However, whether this effect would be positive, or negative, is not predictable 130 based on past research. 131 This is not only the first study to examine such interactions on a green roof but, to the authors 132 knowledge, is the first study to examine if the addition of soil microbes has an effect on soil 133 microarthropod communities in a field situation. It also has direct applicability to the green roof 134 industry, where commercial inoculants are already applied but have not been thoroughly tested. 135
Materials and methods 136

Study sites 137
Permanent plots were established in a randomised block design on a green roof situated in the 138 grounds of Royal Holloway, University of London in July 2011. This roof was the focus of a previous 139 study examining microarthropod communities present in 2010-11 (Roof B: Rumble and Gange, 2013) . 140
The green roof is situated on the top of a 12m high building and has an area of approximately 2240m colonising plants has ever occurred on this roof. 146
Each plot was 1m x 1m, with no plot closer than 1m to another in any direction. The commercial 147 inoculants, supplied by Symbio Ltd. (Wormley, Surrey), were species mixes of bacteria (Bac), 148 mycorrhiza (Myc) and Trichoderma (Tri) (Supp 1) and were applied once to the plots in July 2011 in a 149 fully factorial randomised block design (Supp 2), resulting in a total of eight treatments including the 150 control. They were not reapplied at a further time point. Inoculants were applied at the manufacturers 151 recommended concentrations. For Trichoderma this concentration was 2.46ml in 0.6l water m -2 and for 152 bacteria it was 0.96ml in 0.6l water m -2 . The recommended rate for mycorrhiza was 2-3g per large plant, 153 resulting in 6g applied to each plot (as, on average, each plot contained two large Sedum spp. plants). 154
This was mixed with 0.6l of deionised water to aid equal dispersal and to ensure all plots received equal 155 volumes of water. Deionised water alone was added to control plots. There were five replicates of each 156 treatment. These plots were then monitored, as outlined in the following sections, for a period of twelve 157 months, with the trial period ending in July 2012. 158
Abiotic factors 159
Mean monthly temperature and rainfall for the South-East of England was acquired from the Met 160
Office (Met Office, Exeter, UK) and means calculated for the entire period preceding the sample date 161 (i.e. the January value is the mean of dates taken in January pre-sample, December and November post-162 sample). Two dataloggers (EL-USB 2; Lascar, Salisbury, UK) were placed on the roof, one near the 163
West end of the roof and one near the East end of the roof. These recorded surface temperatures and 164 relative humidity every 30 minutes. The average of both dataloggers was used in the analysis. 165
Plant surveys 166
Plant surveys of each plot were carried out in January, May and July 2012. Individuals were counted 167 and identified to species level where possible using Blamey et al., (2003) . Additionally, vegetation 168 cover was estimated by eye, with the aid of a gridded quadrat containing 100 divisions of 100cm 2 each. 169
Plant cover was estimated for each of these divisions and summed to obtain the total plant cover for the 170 1m 2 plot. 171
Mycorrhizal sampling 172
Before inoculation, in July 2011, two subsamples of root (approximately 2g each) were taken from 173 one individual of S. spurium from each plot without removing the plant, and tested for the presence of 174 mycorrhizas. Individual Sedum plants on the green roof were large, but there were few individuals 175 (approx. two per plot), so destructive sampling of the entire plant was not deemed appropriate, and no 176 more than two subsamples could be taken. Sedum on the roof had extremely large root systems 177 (approximately 3-4x larger than above-ground biomass), and the loose nature of the substrate meant 178 that small portions of root could be removed easily. This meant that repetitive root sampling, as has 179 been performed on trees (Moreira et al., 2006) , could be implemented. Thus, in July 2012, the same S. 180 spurium individuals were once again examined for mycorrhizas, by removing another portion of their 181 root systems. Roots were washed with tap water and cleared in 10% potassium hydroxide (KOH) in a 182 water bath at 80˚C for 25 minutes. The KOH was then disposed of and roots were thoroughly washed 183 and dried. Visualization of mycorrhizas in the roots was performed using a modified ink staining 184 method of Vierheilig et al., (1998) Microarthropods were sorted to morphospecies using a dissecting microscope at x100 magnification. 202
Species identification, where possible, was then performed at higher magnifications (x200-1000) using 203 a compound microscope. In the case of mites, this was usually restricted to the most prevalent mites, 204 and species level identifications were rarely obtained. Less common mites were identified to the highest 205 level possible or assigned a morphospecies. All Collembola and Hemiptera were identified to species 206 level. Larvae of flying insects were identified where possible, but more commonly were assigned a 207
morphospecies. 208
Collembola were identified using Hopkin, (2007). Mites were identified using Strandtmann (1971) , 209 Strandtmann and Davies (1972), Walter and Proctor (2001) and Krantz and Walter (2009) . Hemiptera 210 were identified using Southwood and Leston (2005) . 211
Statistical analysis 212
Analysis was performed using SPSS 22.0, except PCA, which was performed using R (R Core 213
Team, 2015). Diversity of vegetation was measured using the Shannon-Wiener index and mycorrhizal 214 colonisation in addition to differences in cover of Sedum spp. and bryophytes were tested using repeated 215 measures ANOVA with bacteria, mycorrhiza and Trichoderma treatments and time as main effects. 216
Shannon-Wiener indices were used to assess changes in microarthropod biodiversity between 217 September 2011 and July 2012 for all microarthropods and within microarthopod groups (Collembola, 218 mites and larvae of flying insects). Each of these groups, as well as total microarthropod abundance, 219 was compared using a repeated measures ANOVA with bacteria, mycorrhiza and Trichoderma as 220 treatments and time as a main effect. Greenhouse-geisser corrections were applied to non-spherical data 221 (Greenhouse and Geisser, 1959) . Bonferroni post-hoc tests were used to separate differences between 222 time points. The number of Collembola and insect larvae present in May and July was not sufficient for 223 inclusion into the statistical analysis. 224
Data were transformed using square root transformation to meet the assumptions of ANOVA, 225 except for plant data, which met the assumptions of ANOVA untransformed. Mycorrhizal data, as count 226 data, was ArcSine transformed. Variances were tested for heterogeneity using Levene's median test for 227 non-skewed data and by a non-parametric (rank) Levene's test for skewed data (Nordstokke and Zumbo, 228 For the months January and July, where Tingidae were present and plant surveys had been 238 conducted, Spearman's Rank-Order Correlation was performed in SPSS. This was to determine if there 239 was an association between bryophyte cover and the abundance of Tingidae, as some species of the 240 family are associated with bryophyte dominated communities (Hufnagel et al., 2004) , perhaps as a 241 source of food (Gerson, 1969) . 242
Results 243
Abiotic conditions 244
All mean monthly temperatures for sampled months in the current study were warmer than in the 245 two years preceding them, with the exception of July 2012, which was approximately 2°C cooler than 246 in 2010 and 0.3°C warmer than in 2011. Autumn and winter sample months (September, November 247 and January) were drier than in the year preceding them, particularly in January 2012, where rainfall 248 was approximately half that of the previous year. Summer rainfall (May and July) was considerably 249 higher in 2012 than in both preceding years (42.5 mm and 103.6 mm respectively compared to 27 mm 250 The highest surface temperature recorded on the roof was 53.5°C, recorded in May 2012. 256
Relative humidity ranged between 9.5% (May 2012) and 100% (frequent throughout the year), with 257 least mean surface humidity in the May to July sample period (76.76%, ±23.18%) and highest mean 258 surface humidity in the November to January sample period (95.50%, ±5.77%). 259
Substrate water content varied between 7.24% (May 2012) and 39.04% (January 2012), with total 260 mean substrate water content recorded at 21.14% (±6.90%). The driest month sampled, according to 261 mean substrate water content, was May 2012 (13.55%, ±3.51%) and the wettest mean substrate period 262 was January 2012 (31.81%, ±2.33%). 263
Vegetation and fungi 264
Plant diversity was exceptionally low on the roof, with all plots dominated by Sedum spp. and (Fig 1a) . The plant community displayed a clear shift from winter to summer, dominated by bryophytes 279 in January before Sedum became the most prevalent genus in the summer months (Fig 1a) . T. arvense 280 was absent in January but grew throughout the summer period. However, the decline of bryophytes in 281 the summer was not compensated for by T. arvense and Sedum, so an overall increase in bare substrate 282 occurred in March and July. None of the inoculants added had an effect on total plant cover, cover of 283 Sedum or cover of T. arvense (data not shown). Lichens were too rare to analyse. The addition of 284
Trichoderma to plots altered the pattern in bryophyte cover over time (F1.46, 58.19 = 3.70, p < 0.05). Figure  285 1b outlines that bryophytes performed better in plots treated with Trichoderma in January, but worse in 286 the following months, though these differences are very small. 287
<FIGURE 1 NEAR HERE> 288
Colonisation of Sedum roots by mycorrhizal fungi at the end of the trial period in July 2012 was 289 high, with a mean colonisation across all treatments of 75.7 (±1.6)%. The proportion of counts 290 containing vesicles was also exceptionally high, averaging 50.2 (±2.0)% across the whole roof. 291 25.5(±1.3)% of counts contained hyphae only and prevalence of arbuscules was extremely low, 292 averaging only 0.05(±0.03)% across the whole roof. All counts containing vesicles and/or arbuscules 293 also contained hyphae. 294
The total percentage colonisation of roots by mycorrhizal fungi at the end of the experiment in July 295 2012 was unaffected by the addition of inoculants, with no significant differences between treatments 296 and the control, and no interactions between treatments (F1, 55 = 0.74, p > 0.05). Vesicles and hyphae 297 alone, when analysed separately, were not found to have been affected by any of the inoculants, nor 298
were there any interactions between treatments. Numbers of arbuscules were too low to analyse. 299
Microarthropods 300
Forty microarthropod species were found on the roof during the sample period. Of note was a 301 species of Hemiptera not previously recorded on this roof, in the family Tingidae, identified as Acalypta 302 parvula. Another species not previously recorded on this roof was the aphid, Aphis sedi. One 303 morphospecies of Thysanoptera and one species of Gastropoda (Vallonia costata) were also found on 304 the roof for the first time (the latter in low abundance towards the end of the sampling period). Aside 305 from these, key functional groups expected in ground level soils, such as Isopoda, Annelida and 306 Formicidae, were absent. 307
Insect larvae of Coleoptera, Diptera and Lepidoptera (hereafter referred to as "larvae of flying 308 insects") were the most abundant group aside from mites and Collembola. Homiptera were most 309 abundant in summer, when an aphid population was present on the substrate surface. 310
Mean microarthropod abundance for all treatments changed over the sample period (Time: F3.12, 311 124.67 = 48.09, p > 0.001) (Fig 2a) , peaking in September 2011, steadily declining until March 2012 and 312 steeply declining in the summer sample months (Fig 2a) . The total number of microarthropods sampled 313 was 60,357 (±35). Parallel analysis determined that the first six PCA axes explained the majority of the 314 variance within the microarthropod community. These six axes accounted for 30.78% of the variance 315 (axis 1 = 7.87%, axis 2 = 5.87%). Confidence ellipses suggested that microarthropod communities were 316 different each month. The most notable seasonal patterns highlighted by PCA are the groupings of 317
Collembola and the mite Eupodes viridis associated with the March confidence ellipse and axis 1 and 318 the groupings of mites, spiders and centipedes associated with the September ellipse ("M#", "Chi", 319
"Ara") and axis 2 (Fig. 2b) . Collembola, particularly Sminthurinus aureus, were abundant in January 320
and March before declining in summer months. Most mites were abundant in September and November, 321 before populations declined rapidly. This is with the exception of Scutoverticidae, which declined to a 322 lesser extent in the summer months. Tingidae were prevalent throughout the year, with the exception of 323
March and May 2012, whilst Aphididae were only present in large numbers in May 2012. 324
<FIGURE 2 NEAR HERE> 325
The mean microarthropod community was higher in abundance in those plots treated with 326
Trichoderma than in other treatments and the control (F1, 40 = 5.6, p < 0.05) (Fig. 3a) . (Fig. 3b) , with the 331
Trichoderma confidence interval aligning more with axis 1 than other treatments. This axis was 332 influenced by Collembola (S. aureus in particular), the mite E. viridis and a number of larvae of flying 333 insects (Fig. 3b) . 334
<FIGURE 3 NEAR HERE> 335
As a group, Collembola were extremely low in abundance, with only 12,124 (±35) individuals 336 Collembola in January within these treatment plots was higher than in other treatments, but this was not 349 the case in other months (Fig 4b) . The lack of diversity of Collembola meant that PCA added little value 350 to data analysis (data not shown). were unaffected by any of the inoculants added, with no inoculated plots differing from the control (data 358 not shown). PCA also suggested that community structure did not vary between treatments (data not 359 shown). 360
The community of larvae of flying insects peaked in the winter months (Time: F3, 120 = 12.78, p > 361 0.001; data not shown) and was less dominated by one morphospecies than mites and Collembola were. 362
In total 1,092 (±2) larvae were encountered, 2% of the total microarthropod population. Larvae were 363 lower in abundance in those plots where the bacterial treatment and the mycorrhizal treatment had been 364 added together (F1, 40 = 5.20, p < 0.05) but higher in plots with the Trichoderma treatment (F1,40 = 4.84, 365 p < 0.05) (Fig 5a) . Parallel analysis determined that the first four PCA axes explained the majority of 366 the variance within the larvae of flying insect community. These four axes accounted for 48.49% of the 367 variance (axis 1 = 14.97%, axis 2 = 13.31%). PCA suggested that the community present in plots treated 368
with Trichoderma was more variable than in other treatments and the control plots (Fig 5b) and that 369 this community may be aligned with axis 2. Axis 2 was dominated by two larval species, a Chironomid 370 midge and a species belonging to the superfamily Mycetophiloidea ("L5", "L6"). 371
<FIGURE 5 NEAR HERE> 372
Other organisms present on the roof (Hemiptera and Gastropoda) remained low throughout the 373 sample period but reached a peak in May 2012 (data not shown). However, the Tingid, Acalypta 374 parvula, was negatively correlated with bryophyte cover during the sample period (rs = -0.28, p < 0.01). 375
Discussion 376
Green Roof Development 377
After eight years of development, the green roof had switched from a bryophyte dominated 378 community structure (see: Rumble and Gange, 2013) to a Sedum spp. dominated community, achieving 379 just over 40% total cover of the Sedum genus. It is unclear, with limited long term studies in similar 380
climates, whether this is representative of other green roofs, but studies in northern Europe by Emilsson 381 Succession in the microarthropod community, although slow, had progressed in terms of 390 abundance, though not diversity, increasing from the previous sample period (see: Rumble and Gange, 391 2013). Whilst the abundance of microarthropods as a whole increased in response to inoculants, this 392 population growth was not equal across all faunal groups. In 2011, the population of Collembola had 393 decreased dramatically due to two drought events (see: Rumble and Gange, 2013) . Over a year later, 394 despite higher average rainfall, the absence of extreme drought and generally more stable temperatures, 395 the abundance of Collembola was still very low in this study. This demonstrates the long term 396 detrimental effect of drought on some green roof microarthropods, even if the weather is more 397 favourable in subsequent years, and reveals how fragile these communities are. In this instance, the 398 addition of inoculants did not help this faunal group recover from the previous year's unfavourable 399 conditions, highlighting that as a remediation tool, the success of inoculants is dependent on the starting 400 population. 401
Inoculant Addition 402
There was no evidence that application of any of the commercial inoculants to a mature green roof 403 had any effect on vascular plants. However, bryophytes, whilst unaffected by the addition of bacteria 404 or mycorrhiza, were affected by the addition of Trichoderma in different ways at different times of the 405 year. Cover in January 2012 was higher in plots treated with Trichoderma than in other plots, but 406 subsequently, in March and July, the rate of bryophyte cover was less in Trichoderma plots than in 407
others. 408
In vascular plants, Trichoderma may increase plant tolerance to disease (Papavizas, 1985 ; 409 testing, that it is likely that Trichoderma only damage bryophyte tissues once some form of 418 decomposition has already occurred. Thus, in the current study, it is likely that another factor, such as 419 infection by a more virulent fungal pathogen, grazing from herbivores or abiotic stress, caused initial 420 senescence in bryophyte tissues. Thus, the application of Trichoderma to green roofs, where bryophyte 421 communities are already stressed, may exacerbate these effects. In terms of nutrient cycling, 422
Trichoderma are clearly performing as successful decomposers in this environment when added as an 423 inoculant, potentially increasing nutrient availability for other species. 424
The addition of Trichoderma also caused an increase in the total abundance of microarthropods 425 compared to other treatments and the control. Community analysis highlighted differences in 426 community structure in plots treated with Trichoderma, with a cluster of larval species, Collembola (S. 427
aureus, D. pallipes and P. notabilis) and the mite E. viridis driving this pattern. Larvae of flying insects 428
were also found to be present in higher abundances in plots treated with Trichoderma and the larval 429 community structure also differed in Trichoderma treated plots compared to other treatments, driven 430 by "L5" (of the Mycetophiloidea) and "L6" (a Chironomid larvae). The likeliest explanation for this is 431 an addition of food source for fungal feeding species on addition of Trichoderma. Many soil 432 microarthropods and, in particular, those separated by the current PCA, are known to be fungal feeders. 433
Observations of fungal feeding are recorded for both S. aureus and P. notabilis (Walter, 1987 after which there are other factors controlling population growth. Beyond this threshold, the addition of 459 nutrients, whether it be in the form of inoculants such as Trichoderma or in terms of slow release 460 nutrient supplies, could promote a more sustainable soil community. Along with the prevalence of 461 detrital and fungal feeding species on the roof and the lack of predators encountered, this supports the 462 hypothesis that population dynamics on these roofs are primarily controlled by resources from the 463 bottom-up, rather than top-down by predators (Chen and Wise, 1999) . Thus, if the resource base on 464 green roofs could be sufficiently improved, increased abundances of not only soil dwelling 465 microarthropods would be seen, but also their above ground predators, such as spiders and wasps (Chen 466 and Wise, 1999) contributing to a more diverse ecosystem overall. 467
Not all species or microarthropod families responded to inoculants in the same way. As a group 468 studied independently, mites were unaffected by any of the inoculants, either in terms of abundance or 469 community structure. As the mite community was dominated by the hardy, xerophillic mite order, 470 Scutoverticidae, this is perhaps unsurprising. Scutoverticidae are thought to be generalist feeders, so 471 could be expected to shift diet depending on food availability (Smrž, 2006) . In addition, whilst this 472 order is thought to be associated with moss (Schäffer et al., 2010) , the effect of Trichoderma on the 473 green roof bryophyte community did not translate to the mite community, suggesting that these 474 organisms are robust to changes in their environment. 475
Some inoculants had more complex, or even negative effects on microarthropod groups. For 476 example, Collembola in bacteria treated plots were higher in abundance than in other plots in the month 477 Further microbial-microarthropod interactions were observed in this study that are difficult to 486 explain without further research. For example, when bacteria and mycorrhiza were added together, the 487 group of insect larvae decreased in abundance, though no community changes or enhancement of 488 mycorrhizal colonisation was demonstrated. Mycorrhizal colonization can reduce the growth of 489 rhizophagous insect larvae (Johnson and Rasmann, 2015) , but as no difference in mycorrhizal 490 prevalence was noted, perhaps this is dependent on mycorrhizal species rather than abundance. Without 491 higher resolution data for both fungal and insect groups, it is difficult to speculate further on the 492 mechanism involved. 493
In general, bacterial and mycorrhizal inoculants were relatively unsuccessful, with no enhancement 494 to plant growth when added singly, or in conjunction with one another. In addition, root colonization 495 by mycorrhizal fungi was not higher in plants treated with these two inoculants. Whilst little is known 496 about the microbial community in green roofs, this particular roof was already mycorrhizal at the 497 beginning of the study, suggesting an incumbent microbial community. Thus, it is possible that the 498 generalist species added to this habitat either could not establish, due to competition with native soil 499 microbes, perhaps exacerbated by addition in a volume too low to contribute to this community, or were 500 not specific enough to successfully establish with the plants present. Whilst there are still significant 501 difficulties in monitoring bacterial species assemblages in complex ecosystems, there is evidence to 502 suggest that soil bacterial biodiversity may prevent new species entering an ecosystem by utilising more 503 available resources (van Elsas et al., 2012). There is also evidence to suggest that resident mycorrhizal 504 populations greatly influence bacterial communities (Nuccio et al., 2013) and that incumbent 505 mycorrhizal communities may prevent new mycorrhizal species from establishing in a new habitat 506 (Vierheilig et al., 2000; Vierheilig, 2004) . Thus, inoculant addition when a roof is constructed, when 507 there is no prior microbial community present, may have very different results to those resulting from 508 application to a mature green roof. In addition, amplifying the microbial community already present 509 may be a more successful approach. 510
Whilst the microarthropod community was altered by the addition of Trichoderma, these population 511 increases may have been too modest to affect plant growth. Microarthropods play an important role in 512 nutrient regulation in soils (Wardle et al., 2004) , but no resultant effect of their increase in abundance 513 was seen in plant cover in this study. This suggests that the increases in abundance were not sufficient 514 (at these concentrations of inocula, or within the time scale studied) to translate into increased plant 515 cover. In addition, colonisation of plant species to the roof and therefore diversity, was not facilitated 516 by an enhanced soil food web. Whilst we have demonstrated that green roof faunal biodiversity can be 517 altered via the addition of inoculants, more research is needed to determine if the same can be achieved 518 to facilitate plant growth on green roofs. 519
Applicability 520
Trichoderma has been shown in this study to be a promising inoculant to enhance microarthropod 521 abundance on mature extensive green roofs, whilst bacterial and mycorrhizal inoculants have been 522
shown to have little effect. In particular, Trichoderma could be useful for the extensive green roofs in 523 temperate climates, of which many are bryophyte and Sedum dominated habitats (Schrader and Böning, 524
2006; Emilsson et al., 2007; Emilsson, 2008) . 525
More research, however, is still needed. Whilst the abundance of some microarthropods was 526 enhanced by the addition of Trichoderma, overall abundance was still very low, considerably lower 527 than that expected in other urban soils (Hartley et al., 2008; Santorufo et al., 2012) . Diversity was also 528 unchanged compared to the previous sample period. Thus, whilst this inoculant has shown promise, 529
further measures, such as providing refugia for soil microarthropods, as well as experimenting with 530 concentrations of inocula, must be explored to remediate impoverished green roofs to a satisfactory 531 level and to determine if resultant improvements of the plant community can occur. Sequential additions 532 of microbial inoculants at different times in the year may also prove to be more successful than single 533 inoculation in affecting microbial populations (Molineux et al., 2014) . 534
In addition, species composition of microarthropods is likely to differ locally, and this may be a 535 factor that alters the success of microbial inoculants. In the current study, inoculants enhanced a certain 536 trophic group (mycophages) but this extended only to organisms that were already present on the roof, 537 it did not facilitate colonisation of new species of microarthropods. Presumably this was due to a lack 538 of an appropriate nearby source population or due to a barrier to colonisation ability. Green roofs have 539 been shown be less favourable for less mobile faunal species within urban habitat corridors (Braaker et 540 al., 2014), so improving habitat connectivity, allowing local sources of less mobile species access to 541 green roofs, may enhance the benefits afforded by the addition of inoculants further. In terms of testing 542 microbial inoculants as a remediation tool, artificially removing barriers to dispersal for plants by 543 planting wildflower mixes to begin with, could further establish if microbial inoculants can have 544 resulting impacts on plant diversity. 545
Conclusions 546
In conclusion, microbial inoculants applied in this study have not been shown to enhance plant 547 diversity or cover on green roofs, but Trichoderma could be a promising microbial inoculant for the 548 remediation of impoverished mature green roof soil faunal communities, particularly in terms of 549 mycophagous species. In the long term, whether this benefits plant growth or not, animal species 550 occupying higher trophic levels may be better able to survive on green roofs as a result and thus improve 551 overall faunal biodiversity. However, the effects of the addition of soil inoculants vary between soil 552 groups and some inoculants may produce negative, or deleterious, effects, emphasising that thorough 553 testing needs to occur before application. At higher doses or in conjunction with other green roof 554 remediation techniques, Trichoderma could contribute to enhancing the biodiversity of this often 555 overlooked group of organisms, increasing the value of green roofs to the urban landscape. 556
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